Executive Summary
In Bangladesh, 24 percent of maternal deaths are due to pre-eclampsia and eclampsia (PE/E)-and nearly all of these deaths are preventable. With a mission to focus attention and efforts on PE/E, the Ending Eclampsia project scaled up PE/E early detection, prevention, and management in 136 primary health care (PHC) facilities in Bangladesh, including 20 referral facilities, for over 24 months to assess effectiveness and acceptability of under-utilized strategies and commodities to reduce morbidities and mortalities of mothers and their babies. This intervention included training on hypertension during pregnancy and PE/E, refresher training after three months, and guaranteeing availability of commodities and supplies including magnesium sulphate (MgSO4) for intramuscular injections, urine dipsticks, syringes and needles, functioning sphygmomanometer and stethoscope, along with a service delivery protocol for PHC providers. This pre-post, cross-sectional research design integrated both qualitative and quantitative data collection methods at baseline (2015) and endline (2018).
This intervention, targeting PHC facilities, has resulted in a number of notable successes. A national service delivery protocol for PHC service providers' administration of MgSO4 with referrals was adopted, followed by the incorporation of PE/E instruction in PHC providers' basic curricula, and its inclusion in the government's operation plan for 2017 through 2022, which includes a MgSO4 procurement plan. There is evidence of improved PHC provider knowledge, abilities, and practices for detecting, preventing, and managing PE/E, improved facility readiness to provide PE/E services, improved quality of care, and increased PE/E detection and administration of MgSO4, all with minimum poor outcomes.
Assessments of facility readiness show significant improvements from baseline to endline in availability and functionality of PE/E commodities and supplies in the intervention facilities, particularly blood pressure (BP) machines, stethoscopes, urine dipsticks, MgSO4, as well as the service delivery protocol for diagnosis and management of PE, severe PE, and eclampsia (PE/SPE/E). Correct knowledge on hypertensive disorders, particularly during pregnancy, including PE/SPE/E, significantly improved at endline compared to baseline. Similarly, service providers' diagnostic abilities for SPE/E significantly improved at endline-except for chronic hypertension. There was also fourteen-fold increase in knowledge of the loading dose of MgSO4 from baseline. All of these findings indicate positive impacts on provider knowledge, competence, and facility readiness.
Provider practice of PE/E detection and management significantly improved at endline. Similarly, provider administration of a loading dose of MgSO4 significantly increased from baseline (12%) to endline (48%). The quality of antenatal care (ANC) significantly improved as well. No maternal deaths were recorded among those who received a MgSO4 loading dose during PHC. These findings are extraordinarily positive changes, particularly because PHC facilities had no procedures for PE/E detection, prevention, or management prior to the intervention.
A few areas could benefit from more attention. At endline some patients, albeit a small proportion, with severe PE/E (SPE) were not given MgSO4 or refused it. Additionally, the detection rate of hypertensive disease in pregnancy (HDP) was still low at endline, which indicates more efforts needed to motivate service providers for consistent, correct BP measurement and urine testing for albumin during ANC visits.
Finally, significant improvement in screening pregnant women for high risk factors during ANC, diagnosis of PE/E among ANC and postnatal care (PNC) patients, uptake of PE/E services over 24 months, and use of MgSO4 in case of SPE/E at endline are considered as contributions of our implementation of PHC PE/E model. Policymakers and program managers, service providers, and other stakeholders strongly advocate for the scale up of this intervention in other parts of the country, for SDG achievement. 1 
Background
Globally, approximately 830 women die every day from preventable complications related to pregnancy or childbirth, and 7,300 women experience a stillbirth (World Health Organization 2018; WHO, UNICEF, UNFPA, World Bank, United Nations Population Division 2015; Lancet 2016). Around 10 percent of women experience hypertensive disease of pregnancy (HDP) (Duley et al 2009 , Steegers et al 2010 . Among them, four to five percent present as pre-eclampsia (PE) (Steegers et al 2010 , Abalos et al 2013 , Arulkumaran et al 2013 , defined as hypertension with proteinuria after 20 weeks gestation. In low-and middle income countries (LMIC), a woman is seven times more likely to develop PE than a woman in a high income country; between 10 and 25 percent of these cases will result in maternal death (WHO 2007) .
Although the rates of stillbirths have fallen since year 2000, approximately 2.6 million babies globally were stillborn in 2015, or around 7,400 every day. Nearly half were intrapartum stillbirths that are preventable with high quality care at birth and early identification of at-risk pregnancies (Lancet 2016) . In Bangladesh, the risk of dying in the first month of life (neonatal mortality) is 30 per 1,000 live births, accounting for 67 percent of all under-five deaths (BDHS 2018) .
The Bangladesh Maternal Mortality Survey (BMMS) 2017 revealed that the maternal mortality ratio (MMR) remained unchanged, at 196 per 100,000 live births since 2010. Eclampsia remains the second leading direct cause of maternal deaths, having increased from 20 percent to 24 percent, after postpartum hemorrhage (PPH) (31%): These two causes are responsible for more than half of maternal deaths (54%) (NIPORT 2017) in Bangladesh. Among the 5,000 to 6,000 maternal deaths each year in the country, 1,000 to 1,200 mothers die from eclampsia. Risk of maternal death is high among first-time mothers (215 per 100,000 live births) as well as those with parities of four or higher. The pregnancy-related mortality ratio (PRMR) among the youngest women (15 to 19 years) is 144 deaths per 100,000 live births, compared to 2,031 per 100,000 live births among women ages 45 to 49 (NIPORT 20117) .
In resource-poor countries such as in Bangladesh, proven life-saving commodities for pregnant women have not been optimally examined, such as magnesium sulphate (MgSO4) to manage SPE/E, use of antihypertensives to manage high blood pressure (BP) during pregnancy, aspirin prophylaxis for pregnant women at high risk of PE/E, as well as task shifting to lower health worker cadres, and community involvement. Hodgins et al. conclude that simple interventions during pregnancy, such as PE/E detection, have considerable potential impacts on important mortality outcomes; they found that reliable PE detection followed by timely delivery could prevent up to one fourth of newborn and stillbirth deaths, and over 90 percent of maternal PE/E deaths (2018) . There has been no systematic review of research and programming on PE/E prevention, early detection, and treatment in Bangladesh. Until recently, PE/E policies, health structures, and community perceptions were largely unknown to program implementers or service providers.
With support from USAID, the Ending Eclampsia project has been expanding access to proven, underutilized interventions and commodities for PE/E prevention, early detection, and management, particularly expansion of MgSO4 access in several countries through primary health care (PHC) providers and strengthening global collaboration and partnerships. In 2015, a landscaping analysis including a systematic literature review (available at endingeclampsia.org) identified articles reporting PE/E burdens, common risk factors, incidence, adverse outcomes, and mortality rates; few studies, however, discuss implementation research (IR) for improving PE/E prevention, detection, and timely management, particularly within PHC facilities (Warren at al 2016) . Following a two year intervention expanding MgSO4 provision through PHC providers in 12 sub-districts of Bangladesh, and subsequent data collection, the following report describes this IR by the Population Council, from 2015 to 2018.
Methodology
This pre-post, cross-sectional study, with both qualitative and quantitative data collection methods at baseline (2015) and endline (2018) Respondents were selected from 12 sub-districts in four districts selected for intervention scale up and IR studies. Almost all facilities were the same in pre-and post-data collection, except two that were added in post-intervention data collection. The primary sampling unit was a health care facility, with data collected at endline from posted, trained, re-trained, and mentored service providers. It is possible, at endline, that some service providers, program managers, and policymakers were not the same as those initially surveyed, at baseline, due to transfers or new postings. Newly posted providers were duly trained on the intervention. A separate sample of client-provider interactions (CPIs), ANC exit client interviews, and PE/E survivors were chosen for pre-and post-landscaping analysis. Service use was recorded from all 136 facilities for 24 months and three months before the intervention.
Policy and program data were collected at national, district, and lower levels, in interviews with policymakers, program managers of maternal and newborn health (MNH) programs, and representatives of related local and international NGOs and development partners, to assess policy, programming, and informed opinions of them. Facility assessments, interviews with service providers who work in ANC, maternity, or labor and delivery wards, client observations of ANC CPIs, and exit interviews with pregnant women all aided assessment of facility readiness and service provider knowledge and practice for PE/E detection and management, and their quality of care. All PE/E survivors were followed up, monitored, and interviewed to assess their care experiences at these facilities, along with the outcomes of their pregnancies. Monitoring service use and other related project indicators were collected monthly, over 24 months, to determine changes in service uptake and project management indicators.
One IR study (detailed in a separate report) assessed capacity of PHC providers (in a sub-set of facilities) to prescribe an oral anti-hypertensive drug to pregnant women and refer them for follow up care. Another study followed a cohort of women and their babies who experienced PE/E, to assess postnatal quality of care and health outcomes (detailed in a separate report). Tangail  Bhola  Total  BL  EL  BL  EL  BL  EL  BL  EL  BL  EL  Facility inventory  41  41  32  34  31  30  30 31  134  136  Service provider interview  92  88  68  80  80  89  49 71  289  328  Client provider interaction  82  10  63  84  63  89  60 80  268  353  ANC client exit interview  24  26  17  21  18  20  16 20  768  888  IDIs-eclampsia survivors  -58  -49  -57  -43  22* 
Objectives
This post-intervention assessment sought to compare any changes in policy, the health system, and community facilities following a two year intervention. Endline data collection had several objectives:
• Identifying the views and opinions of policymakers, program managers, and other stakeholders of PE/E detection, prevention, and management, and a loading MgSO4 dose, during the course of the intervention period in Bangladesh;
• Identifying health system improvements, as well as impediments within the health system, in selected facilities for PE/E detection, prevention, and management;
• Assessing service providers' knowledge and practices, changes in their quality of care, and knowledge of ANC clients attending intervention facilities;
• Assessing the views and experiences of PE/E survivors administered MgSO4 injections at their community (i.e. PHC) facilities; and
• Investigating uptake of services and changes in project indicators.
Intervention
In expanding services to prevent, detect, and manage PE/E, the core intervention in The intervention was implemented for 24 months. A total of 51 doctors were trained for their subsequent training of 399 PHC providers (FWVs, SACMOs and nurses) and 591 field workers from 12 sub-districts of four districts. Although SACMOs do not see ANC patients, they were trained to support FWVs. In addition, 94 program managers from the four districts were trained prior to the intervention, and 52 during refresher training. A refresher training with 217 PHC providers three months after the initial training allowed them to share their experiences and resolve any emerging issues.
A district monitoring officer visited each facility every month. Central Directorate staff provided mentoring, in addition to the local program manager, every quarter. The intervention included educational efforts only at facilities, with service providers and field workers distributing a PE/E brochure to clients. No intervention was implemented within the communities.
Ethical Review and Informed Consent Process
The study protocol was reviewed and approved by Population Council's Institutional Review Board (IRB) in New York. The protocol, informed consent forms, and tools were also reviewed by Bangladesh Medical Research Council (BMRC)'s Ethics Committee. Participation in the study was voluntary, and informed consent was received from all participants before interviews.
Data Collection and Analysis
Prior to study implementation, approval and administrative orders were received from both DGFP and the Directorate General of Health Services (DGHS). A 33-member data collection team, including six supervisors, were recruited and trained for 10 days, on the study's objectives, its tools, procedures, and ethical conduct of data collection. All researchers were trained on data collection in the field for one, outside the study area. Four groups, each with five data collectors and one supervisor, were assembled for quantitative data collection, with two groups, each with four interviewers and one supervisor, were assembled for qualitative data collection.
All service providers who participated in the training were selected for an interview. Some service providers, program managers, or policymakers interviewed initially may not have been interviewed at endline due to transfers or new postings. A separate sample of CPIs, ANC exit client interviews, and PE/E survivors were chosen for pre-and post-landscaping analysis. Facility assessments were at the same facilities pre-and post-intervention. Monitoring of service uptake and other related project indicators was monthly, for 24 months, to accurately determine any changes.
Completed questionnaires were checked by supervisors in the field and sent to the Council's office for editing, entry, and analysis. Quantitative data were edited, coded, entered, and analyzed using STATA/SAS software. Data entry utilized CSPro, with double entries to minimize errors. Descriptive, bivariate, and comparative analyses (chi-Square test, Fisher's Exact test, Wilcoxon Rank-Sum Statistic) were performed, with results are presented in this report as frequencies and percentages. In few cases, aggregated scores were generated in STATA to measure multi-element constructs such as "Assessing Risk of PE/E". Twentyfour months of service statistics described service uptake and other project-related indicators (particularly PMP indicators). Qualitative interviews were recorded through written notes and audio recordings, then transcribed and translated into English. As with baseline data, thematic coding of endline data and allowed for comparisons over time. Content and thematic analysis used NVivo software, applying a grounded theory approach at baseline and endline, and findings were triangulated by thematic areas.
This report presents its findings within three broad, inter-related domains: Policy, Health System, and Community (Figure 1 ). The policy domain includes policy on PE/E detection, prevention, and management, MgSO4 administration by PHC providers, and stakeholder views and support for task sharing. 
Selection of Implementation Sites
Before the study commenced in 2015, a Memorandum of Understanding (MoU) was signed with the Directorate General of Family Planning (DGFP), Obstetrical and Gynecological Society of Bangladesh (OGSB) and Population Council to work together and a Project Advisory Committee (PAC) was formed to review and advise on the project progress. Ending Eclampsia implementation districts have been selected by the DGFP considering Country's geographical and divisional (administrative) distribution. Bangladesh is a homogenous country in terms of language, education, and health facility. The functional administrative structure is identical from divisional level to union level including health and family planning (FP) services. One district, Bhola, is situated in the south, while another, Rangpur, is in the north. The remaining two districts, Tangail and Comilla, are in the central part of the country. All of the districts are in different administrative areas. Three sub-districts from each district were selected for the intervention, and the baseline and endline surveys. 
Results
Service Providers' Background Characteristics
The service providers who participated in the study were primarily women, with a greater proportion at endline (p<0.001). Approximately two thirds were 40 years of age or older. At baseline most providers were FWVs and SACMOS, while at endline the majority were FWVs and nurses. More referral facility providers, compared to PHC providers, were represented at endline. (p<0.001). At baseline, half of service providers had received training on FP or maternal, newborn and child health (MNCH) within the past three years, compared to all service providers at endline having such training (p<0.001). 
Antenatal Care Clients' Background Characteristics
A separate sample of clients exiting facilities immediately after ANC were surveyed at baseline (n=768) and endline (n=888). All women interviewed were married. In both baseline and endline surveys, about one quarter of women were younger than 20 years old, while slightly more than half were 20 to 29 years of age, and the rest were 30 years old or older. More than half of the women had a secondary education, at both baseline and endline, and a majority were Muslim. Most pregnant women interviewed were of more than 20 weeks gestation. Most women were attending at least a second ANC visit. Significant differences were observed for all background characteristics between baseline and endline among women who were interviewed. Researchers conducted in-depth interviews (IDIs) with policy stakeholders-including policymakers, program managers from the four districts, and development partners, professionals and implementers, as well as other stakeholders-at baseline (n=50) and endline (n=37), to identify the policy environment and explore stakeholders' perspectives of relevant issues during the implementation period.
Pre-Eclampsia Policy
The government's PE/E policy falls under the broader public health domain of maternal health. The government's standard operating procedure (SOP) specifies PE/E prevention and management at secondary and tertiary health system levels. The government has yet to formalize any policy for PE/E prevention and management at primary (PHC) and community levels of care.
A service delivery protocol, the Service Delivery Protocol for PE/E for PHC Providers, was developed, tested, and approved by the DGFP for implementation in Ending Eclampsia and MaMoni project districts.
Varied perceptions and confusion were observed among informants when discussing the existence of a national PE/E policy. While most central policy and program managers, as well as other stakeholders (i.e. NGOs, development partners), are aware of the Service Delivery Protocol for PE/E for PHC Providers, many were unsure if could be labeled a "policy" document. District and sub-district program managers said the government has a policy for reducing maternal and neonatal mortality, along with various initiatives such as promoting institutional delivery, 24/7 normal delivery at UHFWCs, demand-side financing of maternal and neonatal health in selected sub-districts, the Maternal Health Voucher Scheme (DSF-MHVS), and misoprostol distribution through field workers, among others.
The Ending Eclampsia project endeavored, with PAC guidance, to expand PE/E services to PHC facilities, and developed and distributed the Service Delivery Guidelines on PE/E for PHC Providers to all service providers and program managers in the project's four districts and 12 sub-districts.
"I don't know about the government policy. There might be one. I can't tell you about the policy, as I didn't get it yet. I didn't get the policy in my hand so that I don't know about where the policy is being implemented. There is no implementation policy in my district or upazilas."
National program manager and policymaker, MoHFW, Baseline, 2015 "Yes, of course Government has a policy on this matter, and you all are also working as part of this policy that loading dose of magnesium sulphate is to be administered to patients with severe preeclampsia and eclampsia. The policy is to prevent death of both mother and child due to preeclampsia and eclampsia. It said, providers who are working at primary health care facility especially at grassroot level including FWV in FWC, senior staff nurse or nurse in the antenatal unit of UHC and DH are assigned to administer loading dose of magnesium sulphate." District program manager and policymaker, DGHS, Endline, 2018
"We don't have any policy regarding PE/E management. We have a guideline regarding this. We've supplied this guideline to upazila health complexes and they're working according to that. Doctors and Nurses have been trained and now midwifes have joined with them. Midwifes and nurses are trained to administer a loading dose of magnesium sulphate and refer. Some works are going on accordingly in some places and we'd try to do this in all places." National deputy program manager, DGHS, Endline, 2018 
Early Diagnosis and Impacts on Maternal Health
At baseline, most national policymakers, district program managers, and other stakeholders (i.e. NGOs, professional bodies and development partners) stated that early marriage, insufficient ANC service use, poverty, and ignorance contribute to the high levels of PE/E in Bangladesh. At both baseline and endline, many district managers said PE identification is delayed because women do not seek ANC, resulting in negative pregnancy outcomes including maternal and neonatal deaths. Similar statements were made by many sub-district managers at baseline, who opined that lack of ANC and general lack of awareness are the main reasons for maternal and neonatal morbidities and deaths due to PE/E. More than three fourths of informants at baseline mentioned that PE/E contributed to premature delivery, miscarriage, stillbirth, liver damage, and death. We're trying to manage that. Women also have lack of sensitivity and awareness. Even if they feel dizzy, they remain at home. They eat one Paracetamol and stay at home. However, we are trying to improve this situation to avert pregnancy-related complications." National policymaker, DGFP, Endline, 2018
The need for a protocol and service delivery guidelines for PHC providers was emphasized at baseline, and a draft national protocol for PHC providers was reviewed and revised with an expert committee formed by DGFP. The resulting Service Delivery Protocol and Guidelines for PHC Providers was distributed widely to districts, sub-districts, and PHC facilities. All informants acknowledged receiving the service delivery guidelines, and understood the contents and their relevance. 
Scaling up of Interventions
While informants at baseline had diverse views about whether PHC providers could or should administer the modified MgSO4 loading dose, most informants at endline agreed it was necessary to scale up this intervention in other parts of the country because of the effects of maternal and neonatal deaths due to PE/E. At endline policymakers and program managers said it is essential to implement multiple programs that can address maternal and neonatal deaths, in order to achieve SDGs.
"We say that we made progress in Millennium Development Goals, but still 50 percent of deliveries are…at home, and if there is any problem, they first come to the grass root level health workers such as the Family Welfare Visitor, CSBA, and SACMO. Women usually go to UH&FWC or Upazila Health Complexes or District Hospitals. If we can make the service providers more aware and train them at the community level, then they can identify pre-eclampsia and eclampsia, administer the loading dose of magnesium sulphate, and refer. Then it will definitely have a good effect and will reduce maternal mortality."
Representative of development partner, Baseline, 2015
Progress has been made in scaling up PE/E interventions. DGFP incorporated PE/E within its next five year operational plan and included a budget for scale up. In addition, DGHS, in collaboration with OGSB, and supported by UNFPA, prepared an "Action Plan for PE/E and PPH," to which other stakeholders contributed, including Ending Eclampsia, and is anticipated to be implemented in 26 districts supported by UNFPA.
"The objective of Ending Eclampsia project in addressing PE/E is undoubtedly promising. We have health providers in the primary level facility, clear management protocol and availability of logistics and commodities. Now this intervention is implemented for few areas for couples of years and we have the learning, we must expand it in larger scale to get the best result in a short period of time otherwise we will not be able to achieve SDGs. Both DGFP and DGHS need their providers to be trained to provide PE/E services "Family planning department will purchase magnesium sulphate from now. We have already put this drug in our operational plan and budget is there. We will procure magnesium sulphate very soon." Policymaker and implementer, DGFP, Endline, 2018
"Currently, we actually do not have stock of magnesium sulphate, we're buying it from CMH. We're procuring magnesium sulphate to supply it to every health complex in each district. We have it in our budget and it's in the process. If we get this, then we can supply this in a while." Program manager, DGHS, Endline, 2018
"Population Council has been working in four districts, and we've also been working with them at the primary health care level. So, we would like to have a definite plan and estimate from you, the needs for the commodities, so that we can expand it to the entire country. As a part of that plan we can arrange to procure specialized drugs like magnesium sulphate..." Program Manager, DGFP, Endline, 2018 Health System
This section describes service providers' knowledge and practices of PE/E management, in addition to logistics and commodities availability, service uptake, quality of care, and program impact. Both the baseline and endline surveys collected data on availability and functionality of logistics and commodities for PE/E services, to assess changes due to the intervention, in addition to knowledge assessments.
Facility Readiness
A facility inventory was conducted at 134 and 136 facilities at baseline and endline, respectively. ANC, PNC, and delivery registers were available at most facilities at baseline and endline, but there was a significant increase in PNC register availability at endline (95% to 100%, p=0.007). Maternity admission registers were only available at 33 percent of facilities at baseline, and at 44 percent at endline (n.s.). Overall findings show significant improvements in availability and functionality of facility structures, commodities, and supplies for MNH services at most facilities. Few facilities, however, had calcium gluconate available at baseline or endline (0.7% and 7.0%, respectively, n.s.). 
Provider Knowledge
Correct provider knowledge is critical for detecting, preventing, and managing HDP. Service providers' knowledge of HDP and PE/SPE/E were assessed in both the baseline (n=289) and endline (n=328) surveys.
Service providers' knowledge was assessed within two domains: 1) their ability to define HDP, as well as PE, SPE, and eclampsia 2 ( Table 5 , following page), and 2) their ability or capacity to diagnose HDP through hypothetical situations (see situations A, B, and C 3 , Table 6 , page 17). Both sets of questions were asked at baseline and endline. For comparison, service providers were separated into groups of "physicians" and "other service providers" (e.g. FWVs, SACMOs and nurses), and by facility type (PHC or secondary).
Findings indicate significant improvements in provider knowledge, in defining HDP and PE/SPE/E at endline (p<0.001 for each, Table 5 ). Physicians only showed significant knowledge increases in defining SPE, from baseline to endline. FWVs, SACMOs, and nurses increased their knowledge of HDP, PE/SPE/E from baseline to endline (p<0.001 for each). Knowledge of PE was lowest at endline among the four definitions assessed, even though it increased significantly from baseline (42% at baseline vs. 64% at endline, p<0.001).
Improvements in knowledge occurred among providers at both types of facilities (PHC and referral), as well as among those who had worked at a unit under five years along with those who had worked at a unit more than five years (Table 5 ). Providers who reported training in MCH or FP showed significant improvements in knowledge from baseline to endline (p<0.001) compared to those who reported no MCH or FP training ( From baseline to endline, there were significant increases SPE diagnostic abilities (56% vs. 99%, p<0.001), and to a lesser extent, for eclampsia (97% vs. 100%, p=0.002), through hypothetical situations (Table 6) . There was no significant increase in overall correct diagnosis of chronic HTN in pregnancy among providers, in a hypothetical situation, but a greater proportion of physicians as well as FWVs, SACMOs, and nurses made correct diagnoses for chronic HTN in pregnancy and SPE at endline compared to baseline. A greater proportion of FWVs, SACMOs, and nurses made correct diagnoses for eclampsia at endline compared to baseline. All physicians made correct diagnoses for eclampsia at baseline and endline.
Significantly more providers employed at a facility for more than five years made correct diagnoses for all three situations at endline, compared to baseline. There was only a significant change from baseline to endline for SPE diagnosis by service providers who had worked at a facility for one to five years, Nearly all providers who had been worked at a facility for one to five years could correctly diagnose eclampsia at baseline, and all could at endline. From baseline to endline there was significant improvement in knowledge among FWVs, SACMOs, and nurses of specific BP for initiation of anti-hypertensive drugs for mild to moderate HDP (43% vs. 57%, p=0.002, Table 7 ). This improvement was not seen among physicians. Knowledge of precise BP for initiation of anti-hypertensive drugs for severe HDP decreased from eight percent to four percent (p=0.08). There was a significant improvement in service providers' correct knowledge of the total loading dose of MgSO4 and its toxicity, from baseline and endline 4 -a more than fourteen-fold increase (p<0.001, Table 8 ).
All service providers knew the correct total loading dose at endline. Provider knowledge of the MgSO4 maintenance dose for SPE/E improved significantly from baseline to endline, but the proportion at endline was lower than expected (5% vs. 22%, p=<0.001).
Further knowledge of MgSO4 toxicity was also assessed among service providers. Knowledge of at least one sign or symptom of MgSO4 toxicity, ways to monitor for it, and antidotes significantly increased from baseline to endline, among all providers. 4 The two most commonly used regimens for administering MgSO4 to prevent and treat convulsions in the case of severe PE/E are the Zuspan regimen (a loading dose of 4 g IV, and maintenance dosing of 1 g/hr IV) and the Pritchard regimen (loading doses of 4 g IV and 10 g IM, and maintenance dosing of 5 g IM/4hr). The Pritchard regimen is considered the 'gold standard' using both an intravenous (IV) loading dose including intramuscular (IM) dose and IM maintenance doses. A modified loading dose called "Dhaka regimen" (10mg IM loading dose and referral to higher facility for further management) has been shown effective in a hospital setting and in primary health care setting (Begum et al 2002 and Shamsuddin et al 2005) and was further tested at primary health care level in Bangladesh (OGSB 2014, Save the Children 2015). The "Dhaka regimen" has been approved by the National Technical Committee (NTC) of DGFP for introduction in the national health system (NTC 2015) and is the regimen used by Ending Eclampsia during this study. 
Program Effectiveness
Program effectiveness was measured with various indicators including provider experience in administering loading dose of MgSO4, improvement of in-service provision and referral mechanisms, PE/E detection and prevention practice, ANC client experiences, improved quality of care, and service uptake.
Administration of loading dose of MgSO4 significantly increased from baseline to endline (12% vs. 48%, p<0.001, Table 9 ). This significant increase occurred for physicians as well as for FWVs, SACMOs and nurses. Not all service providers may have had the opportunity to administer a loading dose of MgSO4 due to lack of PE/E clients. At baseline, 91 percent of providers reported that clients or their families were reluctant or refused to take an injection during pregnancy, compared to 17 percent at endline, and only a small number of providers felt confident in administering an MgSO4 injection. At endline, client perceptions had changed due to provider counseling, but a provider challenge was their fear of a community's reaction if a woman with PE/E had a negative outcome after receiving MgSO4. At endline, service providers were asked to report on their service provision after their PE/E training. (These questions were not asked at baseline.) Ninety percent of service providers reported that they were able to identify more hypertensive patients after PE/E training, and 96 percent reported that they could identify ANC patient risk for PE/E or obstetric complications after the training ( An important process of service provision improvement was to establish a functional referral mechanism for PE/E patients-from PHC to referral facilities-and use of a project-developed referral slip. Questions about the referral mechanism were only asked at endline. Eighty-one percent of providers thought the Ending Eclampsia referral mechanism was effective. Significantly more providers from referral facilities (85%) thought the referral mechanism was effective, compared to 76 percent from PHC facilities (p=0.034, Table 11 ).
Sixty-nine percent of providers used the referral slip to refer patients to a higher facility. Fifty-nine percent of providers referred PE/E patients to higher level facilities (n=192), and of those, 89 percent reported that those patients went to a referral facility for services (n=170), and of those, 94 percent reported that the health care facility solicited their responses or contacted them after their referrals, for the purposes of the study (n=159). 
Provider Practices for Screening and Prevention
Client-provider interactions (CPIs) were observed at all facilities to assess provider practices for PE risk assessment, screening, and information provided to clients. While one CPI was planned for each provider, in a few cases multiple CPIs of one provider occurred, particularly at endline. Box 1 presents the definitions used for assessing PE risk, screening for PE, and advising on SPE, through composite scores for each. Findings from observation data show that service providers poorly measured all three components (assessing PE risk, screening for PE, and advising on SPE) at baseline, but this significantly improved at endline (Table 12 ). While assessments of PE risk and advice on signs and symptoms significantly improved, these practices were still quite low at endline. Five variables (Box 1) measured providers' practices in assessing PE risk, with a summary score for each observation representing the number of variables assessed-0 representing none, 1 representing one risk assessed, up to 5 representing all five risks assessed (The numerals 1 to 4 do not indicate any specific variables, but a score of 5 necessarily includes all five variables).
Observations indicate significant improvement, with service providers for assessing four or five risk factors at endline, compared to three or four at baseline. Further analyses show that the three most frequently assessed factors were birth order (100%), client weight (82%), and edema (72%) at baseline, and birth order (100%), client weight (88%), and client age (86%) at endline, while patient history questions on hypertension were less frequently checked (16% to 40%, baseline and endline, respectively).
Similar summary scores were generated for each observation of providers screening for PE, which comprises two variables: BP checks and test for albumin in urine. Summary scores generated for each observation show aggregated number of checks for PE screening-1 representing one check and 2 representing two checks. Endline data suggest higher proportions of observed BP checks (98%) than proteinuria tests (62%). Baseline data suggest a much lower proportion of proteinuria checks (2%) than BP checks (81%). Similar summary scores were generated for each observation to measure provider practice in advising women of PE signs and symptoms, with an aggregated number of signs and symptoms for which advice was provided (0 representing none, 1 representing one piece of advice, up to 4 representing advice for all four signs and symptoms; 1 to 3 do not indicate any specific variables; for example, 1 can be any variable and so on, but 4 will be all four variables). Findings indicate significant improvements for provider advice to women of different pregnancy signs and symptoms, particularly two to four signs or symptoms, and a decrease in "no advice" at endline. At baseline most providers either advised on one sign or symptom, or none, and this significantly improved at endline. Edema was the most frequently advised (84%) sign or symptom at endline, followed by severe headache (63%), high BP (53%), and blurred vision (50%), compared to edema (71%), severe headache (25%), high BP (12%), and blurred vision (12%) at baseline.
Clients' Experiences at Facilities and Quality of Care
To determine pregnant women's perceptions of their quality of care, as well as their understanding of those services, the project conducted client exit interviews after CPI observations were complete. There was significant improvement in all nine necessary ANC components except two: abdominal and fetus heartbeat examination. Significantly more clients reported receiving all nine ANC components at endline (1% at baseline vs. 33% at endline, p<0.001). Although waiting times increased, clients reported more time with their providers. Although quite high at baseline, significantly more clients reported being satisfied or somewhat satisfied with their services on the day of the survey at endline (91% at baseline vs. 99% at endline, p<0.001). Ninety-eight percent of clients at endline would recommend a friend attend the same facility for ANC, compared to 89 percent at baseline (p<0.001). Generally, client knowledge of danger signs during pregnancy was low at baseline, and significantly improved at endline (p<0.001, Table 15 ). Although there were significant improvements, there still appear to be gaps in client knowledge, however. 
Service Utilization
Service statistics and project indicators were collected from 136 facilities at baseline (for 3 months), and then monthly for 24 months. At baseline, an average of 16 PE, seven severe PE (SPE), and 47 eclampsia patients were seen per month, and those figures significantly increased, to monthly averages of 28 PE, 19 SPE, and 65 eclampsia patients during the intervention period (p<0.001, p<0.001, p<0.001, respectively, Table 16 ; appendices A and B show monthly distribution of all 24 months of data and three months of baseline). Rates of PE/SPE/E diagnoses increased during the intervention (Figure 4) , particularly for eclampsia.
During the baseline period, an average of 11 SPE/E patients each month were given MgSO4 to prevent and control seizures (20% of the total seen with SPE/E at the 136 facilities). At endline, there was an eight-fold increase in women given MgSO4--80 SPE/E per month over 24 months, 96 percent of the total SPE/E women seen at the 136 facilities in that time period, Table 16 , Figure 5 ). This increase in treatment of women with SPE/E from baseline to endline was a significant improvement (p<0.001). To detect, prevent, and manage PE/E, correct measurement of BP and urine testing for albumin is key. The service providers in all intervention facilities were trained for competency in BP measurement, urine testing for albumin, and loading dose administration of MgSO4. While 81 percent of ANC patients had their BP measured at baseline, and six percent of ANC patients' urine was checked for albumin, at endline both BP measurement and albumin testing had significantly increased, to 96 percent and 47 percent, respectively, at endline (p<0.001, Table 16 ).
Screening pregnant women during ANC for high risk factors is extremely important for their successful detection. At baseline screenings by service providers for risk factors in women resulted in only eight percent of pregnant women assessed as high risk, which significantly increased to 23 percent at endline (p<0.001). Detection of high BP among pregnant women also significantly increased, from 56 per month at baseline to 165 per month-a threefold increase at endline (p<0.001). The proportion of high BP detected during ANC among all pregnant women at baseline was 0.5 percent, compared to 1.2 percent at endline (p<0.001, Table 16 ).
Survivors' Experiences
A different sample of PE/E survivors was interviewed in-depth at baseline and endline. At baseline, 22 PE/E survivors at a tertiary medical college hospital were interviewed, and at endline 50 survivors from the community who were treated at intervention facilities were interviewed. These PE/E survivors were interviewed to assess their knowledge, attitudes, views, and experiences of PE/E, ANC experiences of PE/E education and screening, the accessibility of essential services and commodities, and their understanding of both the means and courses to appropriate health care.
Antenatal Care
At baseline, slightly more than two thirds of PE/E survivors had an ANC check up before being admitted to a tertiary hospital, but the quality of their ANC was poor, and they were dissatisfied with the services. Many respondents believed that a fetal ultrasonogram was the major element of ANC.
Although BP was measured in most cases at baseline, a urine albumin test was not done three fourths of the time. Among PE/E survivors interviewed at baseline, about one fifth had elevated BP at an ANC check up and ended up in a tertiary hospital with SPE/E. Almost all of those who attended ANC at baseline reported that their service providers gave no information on possible pregnancy issues or danger signs, nor no explanation of the significance of high BP during pregnancy. 
Discussion
Baseline and intervention data collection were separated by two years, to compare changes in policies, the health system, and community perspectives of PE/E after the introduction of a well-defined PHC intervention to strengthen their providers' capacities. This intervention, with FWVs, SACMOs, and nurses in 136 facilities, also oriented referral facility care providers on referred PE/E patients' care and management.
One policy success was the project's support for the development of the National Protocol and Service Delivery Guidelines on Detection, Prevention and Management of PE/E by PHC Providers, collaboratively developed with DGFP, DGHS, OGSB, and other stakeholders, which was approved for use in the invention facilities-a demonstrable improvement of baseline conditions (Warren et al 2015) . This accomplishment likely would not have been realized without Ending Eclampsia's involvement. Any program for PE/E detection, prevention, and management involving PHC providers should have a service delivery protocol in place before intervention implementation. Although national policy dissemination to districts and subdistricts at baseline was sub-optimal (ibid), Ending Eclampsia successfully distributed the service delivery guidelines, as a ready reference, to program managers and service providers in the intervention areas.
The involvement of relevant parties such as DGFP, DGHS, OGSB, Save the Children, Jhpiego, Marie Stopes, as well as others helped increase the significance of addressing PE/E through PHC providers, for SDG achievement through reduced maternal and neonatal deaths. At endline, most policymakers, program managers, and service providers cited improvements in PE/E detection, prevention, and management by PHC providers at intervention facilities, and thought expansion of this intervention to other parts of the country was necessary for reducing maternal and neonatal morbidity and mortality. This supports WHO's and others' recommendations, to address PE/E at the PHC level through task sharing (WHO 2015 (WHO , 2011 .
Training PHC providers in hypertension classification, PE/E, correct BP measurement, albumin urine analysis, pregnancy risk assessment, MgSO4 administration, as well as referrals, were key components of this intervention, in addition to ensuring facility readiness and commodities. Endline findings indicate significant improvements in provider knowledge, skills, and practice (Warren et al 2015) . At endline nearly all service providers could correctly diagnose SPE/E in hypothetical situations, with far better results than those in a recent study from Afghanistan in which only 73 percent of SBAs evinced correct knowledge in similar case scenarios (Ansari et al 2019) . Although FWVs, SACMOs, and nurses significantly improved their knowledge of BP indicating initiation of anti-hypertensive drugs for mild to moderate HDP, only 57 percent demonstrated this knowledge at endline, while most physicians demonstrated it at both baseline and endline. These findings could be due to the fact that anti-hypertensive drugs were not discussed in training because PHC providers are not allowed to prescribe anti-hypertensive drugs to pregnant women.
Another success of this project is improved knowledge of the loading dose of MgSO4, which increased fourteen-fold from baseline: At endline all providers knew the correct loading dose of MgSO4. Although knowledge among all providers of the maintenance dose of MgSO4 for SPE/E improved significantly at endline (p<0.001), its increase was not as high as expected. The modest increase could be due to the fact training emphasized a modified loading dose of MgSO4, mostly for PHC providers and referrals, rather than a maintenance dose, which is only supposed to be given at secondary or tertiary facilities. This assumption is substantiated by the finding that more physicians likely to work at secondary facilities demonstrated knowledge of the maintenance dose at endline, compared to FWVs, SACMOs, and nurses.
This intervention's effectiveness was measured according to various indicators, particularly provider experiences in administering a loading dose of MgSO4, improvement of various services as well as PE/E detection and management, ANC clients' positive experiences and improved quality of care, improved referral mechanisms, and increased service uptake.
Administration of a loading dose of MgSO4 by all service providers significantly increased (p<0.001): At endline, nearly half of FWVs, SACMOs, and nurses, along with more than three fourths of physicians, had administered MgSO4. In a similar quasi-experimental study in rural Bangladesh, maternal and neonatal deaths significantly decreased among women who had a loading dose administered locally, compared to those who did not receive a loading dose and only received a referral (Shamsuddin et al 2005) .
Not all service providers in this study had a chance to administer a loading dose of MgSO4, due to either a lack of PE/E patients or operational challenges. The most common challenge at baseline was reluctance or refusal of patients and their families for an injection during pregnancy. At endline, the most common challenge was providers' fear of community reactions if patients experienced side effects or died after MgSO4 Administration. These are important barriers to consider if there is an expansion of the intervention, and moreover, both on-and off site digital mentoring for PE/E detection, prevention, and management should be introduced in any expanded program.
Provider practices for detecting and preventing PE/E-by assessing PE risk, detecting it, and advising of impending eclampsia (measured through composite summary score)-was poor at baseline (Warren et al 2015) but significantly improved at endline. Only two percent of all providers frequently measured patients' BP and proteinuria at baseline, which significantly increased-to 62 percent-at endline, which is another aspect of the intervention's success, and an element that should be promoted within any program that plans to address PE/E through PHC providers, including scale up.
Hodgins et al., in their review articles, conclude that simple interventions during pregnancy, such as PE/E detection, have considerable potential impact on important mortality outcomes (Hodgins et al 2018) . Charanthimath et al. concluded , in a study in India, that task sharing with community-based health workers can facilitate early diagnosis of HDP and assist emergency care. Consistent advising by providers on the signs and symptoms of PE/E with every ANC client was not followed even at endline-this needs to be emphasized in provider trainings.
Clients reported improved quality of care at endline, consistent with quality of care findings from BDHS 2017. Ninety-six percent of clients reported BP measurement, consistent with a recent study in Afghanistan (Ansari et al 2019) . Sixty-five percent of clients at endline reported urine analysis, yet monitoring data suggest that 47 percent of all service providers measured albumin in urine in the project areas. Providers ascribed low urine testing to uncomfortable environments at clinics and satellite clinics where no toilets are available for urination, along with service provider bias in choosing only risky patients and skipping testing for negative patients in subsequent visits, often because women themselves want to skip it if a previous reports was negative. While testing urine protein for all ANC patients is frequently recommended, experts now believe PE is possible without protein in urine (WHO 2011 , NICE 2011 , Mayo Clinic 2019 , Preeclampsia Foundation 2019 . Further research is warranted to determine if urine tests are essential, particularly for community providers in resource-poor settings.
The discrepancy of a greater proportion of clients in exit interviews reporting urine analysis than reported in the monitoring data may indicate a Hawthorne effect, with service providers modifying their behaviors, or even pretending, due to assessment or observation. Monitoring findings also reveal the necessity of proper and consistent documentation of all client information, which is lacking in every facility.
Service delivery statistics show significant improvements in SPE/E treatment as well as BP measurement and urine protein checks during ANC visits. If the PHC PE/E model intervention were to be implemented in all facilities, those findings indicate that PE/SPE/E detection and management would double in two years.
The proportion of pregnant women detected with high BP during ANC visits also increased. If PHC providers are trained and actively attempt to detect hypertension during ANC, early HDP diagnoses can be increased.
While this intervention is a great success, four percent of SPE/E patients at endline were either not given MgSO4 before referral, or refused an MgSO4 injection. The barriers preventing fulsome administration of MgSO4 should be addressed in any subsequent expansion. In addition, although HDP diagnosis significantly increased, the rate is still low, which indicates the need for more programmatic efforts to motivate service providers for consistent, correct BP measurement and urine testing for albumin during ANC.
There were several limitations to this study, starting with unequal sample sizes of ANC observations, exit client interviews, and PE/E survivor interviews at baseline and endline. To make the study findings robust, different data sources were triangulated, and findings compared. Additionally, service providers' background characteristics at baseline and endline differed, as not all the same providers were interviewed at both data collection points, due to transfers or new postings, which may have contributed to differences in provider knowledge. Training was provided to every provider included in the intervention, however, to equip them with similar knowledge. Finally, a Hawthorne effect may have occurred during observed CPIs, whereby service providers modified their behaviors due to their observation.
Ending Eclampsia employed no rigorous community educational efforts in this Bangladesh program, except a PE/E brochure distributed to clients by service providers and field workers. Although a community evaluation was not conducted, the facility assessment shows positive impacts on improved client PE/E knowledge. The trend of late facility attendance during the antenatal period warrants the urgent attention of policymakers and program managers, for strengthened educational efforts within communities and at facilities. In two PE/E survivor cases, an infant death at a referral facility was mistakenly linked with an injection of a loading dose of MgSO4 by the patients and their families. Attention also needs to be paid to patients who abandon the referral process once they receive their MgSO4 injection, which was documented in the intervention areas.
Recommendations
• The scale up of this PE/E intervention package is widely believed as necessary. It can be accomplished through continued training of service providers, as well as ensuring that referral logistics and commodities are in place. Three days of training on HDP and PE/E for providers, including a one day refresher training after three months following initial training, is recommended.
• On-and off site digital mentoring for PE/E detection, prevention, and monitoring should be introduced in any expanded program. Medical officers-in-charge of PHC providers or district or sub-district obstetric and gynecological (Ob/Gyn) consultants should train their PHC providers. Trainers or mentors should make sure they provide telephone numbers for PHC providers to contact them for further advice.
• Every provider should conduct a PE/E risk assessment for all ANC patients that includes advising of the signs and symptoms of PE/E and other danger signs and symptoms, along with follow up of identified PE/E patients.
• Rigorous community educational interventions are recommended for early and regular ANC along with information on danger signs of pregnancy, including HDPs and use of MgSO4 for SPE/E.
• Supervisors should monitor documentation of every patient's relevant information by their PHC providers.
